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LIGO Commissioning

z It is very difficult make predictions for the rate of progress for machines 
which are not yet familiar, and not even installed!

z Our previous experience may be our best guide – with some optimism for a 
better starting point due to better, informed, designs; and faster progress 
due to experience

z Do note that we arez Do note that we are
asking for 10x better
sensitivity, at 4x lower
frequencies 

z  last time took years,
and started out many
orders of magnitude
above the goal
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For reference: initial LIGO 
commissioning
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aLIGO detectors timeline

• 2012 Start integrated testing (one arm lock at LHO, corner 
Michelson at LLO)

• 2013 L1 interferometer begins commissioning.

• 2014 H1 interferometer begins commissioning.

• 2015 All interferometers are accepted (and end of aLIGO 
project - operations and commissioning follows)
 “Accepted” means that the IFOs can lock for two hours
 Commissioning will be needed to go beyond this to design sensitivity

• Virgo plans to begin locking V1 in ~ 2015. 
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aLIGO possible sensitivity 
curves, science runs
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VIR–027A–09 Advanced Virgo Baseline Design

3 Sensitivity

3.1 The AdV reference sensitivity

The AdV reference sensitivity1 as well as the main noise contributions are shown in fig.
2. The curve is calculated using the parameters in tables 1,2. The SR parameters have
been chosen in order to maximize the sight distance for Binary Neutron Stars (BNS) [6].
The corresponding inspiral ranges are ⇠ 150 Mpc for BNS and ⇠ 1.1 Gpc for 10 M�
Binary Black Holes (BBH).
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Figure 2: Reference AdV sensitivity and expected noise contributions. It has been calculated
with SR mirror transmittance of 11% and SR phase of 0.15 rad, 125 W of laser power
entering the interferometer, cavity finesse of 888 and PR factor of 21.5. The chosen SR
tuning optimizes the inspiral range for coalescing binary neutron stars. The Virgo design
sensitivity is shown for the sake of comparison.

As already mentioned, the presence of the SR cavity allows to think of AdV as a tuneable
detector (see Section 5.4): the sensitivity curve can be shaped in order to optimize it
for targeting di↵erent astrophysical sources. The SR mirror transmittance influences the
detector bandwidth, while the microscopic lenght of the SR cavity changes the frequency
of the maximal sensitivity.

Fig. 3 shows some examples of sensitivity curves obtained with di↵erent tunings. With
respect to the reference sensitivity (optimized for BNS) one can:
1 The sensitivity curves shown in this section have been plotted using the MATLAB GWINC code

developed within the LSC [7] and adapted to AdV [8]. Documentation on all sensitivity options shown
in this section can be found in [9].
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AdVirgo Design Sensitivity
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Injected Signal in LIGO Data
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Matched filtering 
to detect signals
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Injected BNS signal
detected with only L1 and H1

Capano

S5 conditions for 
good statistics:

* Low masses 
(NS/NS)

* CAT3 vetoes

* Chi-squared 
weighting 
(NewSNR)
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BNS at SNR 8 in iLIGO

Lundgren
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BNS at SNR 12 in iLIGO

Lundgren
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BNS at SNR 8 in iLIGO

LundgrenLundgren
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BNS at SNR 12 in iLIGO

LundgrenLundgren
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Detection rates? 

• For aLIGO BNS average sensitivity ~200 Mpc, BNS “realistic” rate is 40 per 
calendar year. 

• Rate scales with volume: 
 for 60 Mpc, 0.3/yr
 For 140 Mpc, 13/yr 

• Caveats:
 Assumes single detector SNR~8, but needs at least two detectors. 
 Duty cycles for coincident detectors is ~50%.  
 In S6, a coincident trigger with SNR~8*1.41=11 had a FAR 10-3 -10-4 /yr, times a trials factor

10.1103/PhysRevD.85.082002 Cite as: arXiv:1111.7314v4 
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 Class. Quant. Grav. 27, 173001 (2010)

http://arxiv.org/ct?url=http://dx.doi.org/10.1103/PhysRevD.85.082002&v=b7aae3ac
http://arxiv.org/ct?url=http://dx.doi.org/10.1103/PhysRevD.85.082002&v=b7aae3ac
http://arxiv.org/abs/1111.7314v4
http://arxiv.org/abs/1111.7314v4
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S6 Blind Injection
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FIG. 2: The cumulative rate of events with chirp mass 3.48 
M/M� < 7.40 coincident in the LHO and LLO detectors, seen
in four months of data around the September 16 candidate, as
a function of the threshold ranking statistic ⇢c. The blue trian-
gles show foreground (coincident) events from 0.12 y of coin-
cident LHO-LLO data. Black dots show the background esti-
mated initially from 100 time shifts and black crosses show the
extended background estimation from all possible 5-second shifts
on this data, as described in the text. The gray dots and crosses
show the corresponding background estimates when a few sec-
onds of data around the time of the candidate are excluded. Gray
shaded contours show the 1 � 5� (dark to light) consistency of
coincident events with the estimated background including the
extended background estimate, for the events and analysis time
shown, including the candidate time.

where s̃(f) is the Fourier transform of the best-matched
filter waveform, can be directly compared with the strain
noise amplitude spectral density in each detector; this is
shown in Figure 1 to illustrate the strength of the signal
seen in the two LIGO detectors.

Instrumental validation— In addition to the detector’s
gravitational wave readout channel, we record and analyze
hundreds of auxiliary channels that monitor the interfer-
ometers. These channels indicated that the detectors were
operating normally, and no anomalies were observed that
could account for the event in the gravitational wave read-
out channel.

The detectors are equipped with environmental mon-
itoring channels that record data from seismometers,
accelerometers, microphones, magnetometers, radio re-
ceivers, weather sensors, and a cosmic ray detector. Injec-
tions of environmental signals and other tests indicate that
these channels are much more sensitive to environmental
signals than the gravitational wave readout channels are.
Arrays of these detectors were operating and providing full
coverage at the time of the event, and did not record en-
vironmental signals that could account for the event. En-
vironmental signal levels at our observatories and at exter-
nal electromagnetic “weather” observatories were typical

of quiet times.
The hardware and software operating the two LIGO in-

terferometers are similar at each site and their operation
is synchronized to Global Positioning System time. This
synchronization has resulted in low-amplitude combs of
spectral lines (e.g. 1 and 16 Hz) that are coherent be-
tween sites, produced by slight cyclical corruption of the
data [23]. However, we have not seen and do not expect to
see transient data corruption events that are synchronized
between sites. We do not synchronize transient control of
the two interferometers, except when short-duration simu-
lated signals are injected synchronously into the LIGO and
Virgo detectors to validate the calibration and data analysis
procedures. But this event was not at one of those prede-
termined times and does not appear in the channels which
record such injections.

The detectors have a baseline of stationary noise domi-
nated by seismic, thermal and photon shot noise. However,
the typical output data also contains transient noise events
(glitches) with a higher amplitude than would be expected
from Gaussian processes alone. Many of these transients
are removed from the analysis by using environmental and
auxiliary instrumental channels that have negligible sensi-
tivity to gravitational waves to identify times when the de-
tector output was likely to be corrupted [24]. The observed
event did not occur during any of these times.

A loud transient that was not eliminated by environ-
mental and auxiliary instrumental channels occurred in the
LLO detector 9 s before the coalescence time of the sig-
nal. This transient belongs to a known family of sharp
(⇠ 10 ms) and loud (SNR ⇡ 200 � 80 000) glitches that
appear 10� 30 times per day in the output optical sensing
system of this detector. Since the candidate signal sweeps
through the sensitive band of the detector, from 40 Hz to
coalescence, in less than 4 s, it does not overlap this glitch.
Studies, including reanalysis of the data with the glitch re-
moved, indicate that the signal is not related to the earlier
instrumental glitch and other, louder, glitches of the same
type have not been associated with subsequent loud inspiral
triggers.

Low latency search and electromagnetic follow-up— As
the data were collected, a model-independent coherent
search for gravitational wave bursts [25] was performed
in real-time with the goal of producing alerts to partner
telescopes to search for a possible electromagnetic after-
glow. The event described above was found by this search,
with similar amplitudes, and its sky location was estimated
within an error region exceeding 160 square degrees (the
maximum reported by the search). Images of selected
nearby galaxies in the highest-probability parts of the error
region were collected on that night and subsequent nights
by five ground-based telescopes, as well as by the Swift
satellite. The analysis of these images will be reported else-
where.

Source Parameters— In order to determine the parame-
ters of the event, we performed coherent Bayesian analyses
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aLIGO Project Status Feb, 2012
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LIGO India Timeline
(subject to NSF/NSB approval)
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aLIGO Installation Schedule
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Sky Localization Error 
Ellipses

Fairhurst 2011
17

Red crosses denote 
regions where the 

network has blind spots
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Fairhurst 2011
18

Sky Localization Error 
Ellipses



LIGO-G1100555 22



LIGO-G1100555

(LIGO) Open data release plan

2010 2011 20132012 2014 2015 2016 2017 2018 2019

L1 H2 H1

S6

Engineering Runs

SE1 SE2 SE3 SE4 SE5 SE6

NOW

Release 1: First Detections

Release 2A: Immediate Triggers

Release 2B: Full Data

Dates are “guaranteed no earlier”

2.5 years
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LIGO data management plan (public) LIGO-M1000066 (dcc.ligo.org)


